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Real Tiime CCD Averager for Ultrasonic Applications
Abstract
An ultrasonic acquisition and processing system is being developed which incorporates a real time CCD
averager. The averager sums the received ultrasonic signal with the weighted past average to produce the latest
average. The averager performance is a function of scan resolution, signal repetition rate, scan velocity, CCD
clock rate, weighting value and number of averages desired. The present averager should provide a theoretical
improvement in signal to noise of 6 dB. Aside from improving the signal strength at the present scan position
the averager is designed such that the signal level from the previous scan location has decayed by at least 10
dB. The paper will discuss averager results, and the various design considerations and simulation testing
required to achieve and verify averager performance.
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REAL TIME CCD AVERAGER FOR ULTRASONIC APPLICATIONS 
Earl DuBack, William McCabe 
General Dynamics, Electric Boat Division 
Department 443 
Eastern Point Road 
Groton, Connecticut 06340 
ABSTRACT 
An ultrasonic acquisition and processing system is being developed which incorporates a real time 
CCD averager. The averager sums the received ultrasonic signal with the weighted past average to produce 
the latest average. The averager performance is a function of scan resolution, signal repetition rate, 
scan velocity, CCD clock rate, weighting value and number of averages desired. The present averager 
should provide a theoretical improvement in signal to noise of 6 dB. Aside from improving the signal 
strength at the present scan position the averager is designed such that the signal level from the pre-
vious scan location has decayed by at least 10 dB. The paper will discuss averager results, and the var-
ious design considerations and simulation testing required to achieve and verify av~rager performance. 
GENERAL DESCRIPTION - THE AVERAGER IS BEING CONSTRUCTED FOR 
USE IN ULTRASONIC PROCESSING SYSTEMS IIHERE SIGNAL TO NOISE 
ENHANCEMENT IS REQUIRED, THE AVERAGER IS INSERTED BETWEEN THE 
TRANSDUCER AND DETECTOR TO SUPPLY CONTINUOUSLY WEIGHTED rf 
SIGNAL AVERAGES TO THE DETECTOR, THE AVERAGER REQUIRES A 
TRIGGER PULSE WHICH IS IN SYNCHRONISM WITH THE PULSED SIGNAL, 
CHARACTER I ST!CS 
0 INPUT PROTECTED - -450 'IOL TS PULSER 
0 SIGNAL BANDWIDTH - 5 MHZ 
0 FILTERING - MATCHED TO 3,5 MHZ TRANSDUCER 
0 MAXIMUM OF 36 )'SEC STORAGE 
0 PULSE REPETITION RATE - 1 MHZ 
0 TTL TRIGGER INPUT 
0 L1 NEAR SIGNAL RANGE - ± 5QQ MV, 
0 EFFECTIVE INTERNAL CLOCKING RATE - 25 MHZ 
0 DIMENSIONS - 5" X 6" X 10" 
0 POWER - ll5 VOLTS 60N 
0 INTERNAL POWER: 
Fig. 1. 
CCD - 20 VOLTS 
DIG I TAL CONTROL - 5 VOLTS 
ANALOG - ± 15 VOLTS 
Real time CCD averager for ultrasonic 
application 
o DECAY OF CCD SIGNAL/NOISE INCREASE 
o TI~1E DELAY AND PHASE SHIFT OF AVERAGER LOOP 
o FILTERING OF CCD CLOCK AND SIGNAL 
o RECEIVED AMPLITUDE LEVELS 
Fig. 2. Design considerations 
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o INPUT PROTECTION - CLIP 11AIN PULSE TO ACCEPTABLE 
LEVEL. 
o FILTERING - ENHANCE FREQUENCY REGION OF 3.5 MHZ 
SIGNAL AND REDUCE DIGITIZING FREQUENCY, 12.5 MHZ. 
o CCD CLOCK CONTROL - ALLOW SYNCHRONOUS AND CONTROLLED 
TH1ING OF CCD CLOCKING WITH PULSER. 
TRANSDUCER 
INPUT 
Fig. 3. Key elements of averager 
ENABLE 
PULSE 
FROH 
PULSER AVERAGER 
STATUS 
TO 
'-------'~PROCESSOR 
Fig. 4. Averager block diagram 
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SCAN VELOCITY V IN/SEC s 
s GRID SPACING L MIVINCH 
= PULSE REPETITION RATE R PULSESIMI LLI SEC 
ER OF AVERAGES PER GRID = t~AX NUMB 
Fig. 5 · arameters Scanner P 
GENERAL 5 w6 + w7 + w8 + w9 + ' ' ~ 
-- [ 2 w3+~~
+W+ -,r . 
E = EIN ~ PREVIOUS BIN 0 PRESENT BIN 
STEADY STATE 
E = OUTPUT VOLTAGE 0 
= INPUT VOLTAGE EIN 
W = WEIGHING FACTOR 
w ' 1 
TRADE OFF • W MUST CONSIDER IN SELECTING ) 
0 MAXIMIZE SIGNAL/NOISE (W LARGE 
DECAY OF PREVIOUS 0 
HAVE AN ACCEP~A~~\B, (W SMALL) 
BIN VALUE 10 
Averager output Fig. 6. 
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TRAiiSDUCER INPUT 
(1) INPUT 
PRESENT 
(2) WEIGHTED 
PAST VALUE 
(3) AVERAGER 
OUTPUT 
TIME A 1r· / 
l +~ = ~ TIME B 
r / 
+~ = ~h 
""" r +~ Lv 
TIHED r 
DATA ITIMEIF~~~~N rN[T~HEI _ TIME I DATA ~~TIME I FROZEN IN c  r-·,... 
' FROZEN IN B _ccn___ -·.-· ,. INPUT[ A ~,-~-· . 
--,. . TIME-
Fig. 7 · ration Averager ope 
IN S/N· J 
THE IMPROVEMENT [' ~[1 : W~J DB F = 10 LOG10 L -w I 1 w N 
THE AVERAGER OUTPUT WIll HAVE THE , PREVIOUS BIN SIGNAL 
DOWN: 
G = 20N LOG10 W N DB 
FUNCTION WHERE: w = WEIGHTING I D 
N = NUMBER OF AVERAGES GRI 
Fig: 8 · Performance Averager 
ceo 
L_ ______ ...j CLOCK TO 
COUNTER 
ENABLE 
r EFFECTIVE 25] 
lMHz. CLOCK 
1--.-----CLOCK TO CCO 
455 + N 
SELECTABLE 
COUNTER 
Fig. 9. CCD clock control 
OBJECTIVE - TO VERIFY THE AVERAGER PROVIDES A SIGNAL TO 
NOISE GAIN, 
PROCEDURE - 0 ADJUST THE OSCILLATOR INPUT AMPLITUDE TO 
50 MV (NOISE FREE CONDITION) 
0 ADJUST THE OSC I LLAroR FREQUENCY TO THE 
TRANSDUCER CENTER FREQUENCY AND FINE 
TUNE UNTIL OUTPUT PEAKS, . (CCD FREE 
RUNNING.~ PHASE ALIGNING FEEDBACK WITH 
OUTPUT), 
0 ADJUST THE ~EEDBACK WEIGHTING FACTOR (W) 
UNTIL THE OUTPUT IS : GX INPUT, 
0 ADD NOISE TO SIGNAL AND MEASURE SIGNAL 
TO NOISE AT INPUT AND OUTPUT, 
0 SINCE THE CCD IS FREE RUNNING, THE 
AVERAGER FEEDBACK TIMING IS NOT BEING 
TESTED, 
Fig. 10. Simulation test #1 
SIMULATED 
TRANSDUCER 
SIGNAL 
t AMPLITUDE 
t FREQUENCY 
AVERAGER AND 
AVERAGER CONTROL 
LOGIC 
f- SCOPE AND SPECTRUM ANALYZER TEST PO I NTS, 
Fig. 11. Simulation test #1 
FREE RUN CCD 
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OBJECTIVE: TO VERIFY THE AVERAGER PROVIDES A SIGNAL TO 
NOISE GAIN FOR ULTRASONIC TYPE SIGNALS AND THAT 
THE CCD TIME CONTROL CAN CORRECT FOR SUMMirlG 
AMPLIFIER, FEEDBACK AMPLIFIER, AND PULSER 
TRIGGER DELAYS, 
PROCEDURE: o ADJUST THE REPETITION RATE TO 1 KHZ. 
I 
o CENTER THE 50 MV SIGNAL PULSE IN THE CCD 
STORAGE AND ADJUST THE PULSE WIDTH TO 
MATCH AN ACTUAL TRANSDUCER PULSE WIDTH, 
o INCREASE THE NUr1BER OF COUNTS WHICH IN 
TURN ADVANCES DATA IN THE CCD AND CORRECTS 
FOR THE VARIOUS DELAYS MENTIONED ABOVE. 
INCREASE COUNTS UNTIL FEEDBACK TIME PHASED 
WITH INPUT, 
o FINE TUNE FEEDBACK ALIGNi:t:NT BY SELECTING 
APPROPRIATE •14 CLOCK, 
ADJUST THE FEEDBACK WEIGHTING FACTOR (10 
UNTIL THE OUTPUT SIGNAL IS • 6 X INPUT, 
o ADD NOISE TO SIGNAL AND MEASURE SIGNAL TO 
NOISE AT INPUT AND OUTPUT. 
Fig. 12. Simulation test #2 
AVERAGER AND AVERAGER 
AVERAGER OUTPUT 
f ~ CONTROL LOGIC y 
SIMULATED 
TRANSDUCER 
SIGNAL 
DELAY I SUMMING ~ PULSE 
CIRCUIT VARIABLE: TRIGGER PULSE 
I AMPLITUDE 
: ~~g~H PULSES 
NOISE I SIMULATED PULSER GENERATOR LOGIC,START 
PULSE (VARIABLE 
REF RATE) 
f- SCOPE AND SPE-CTRUM ANALYZER TEST POINTS 
Fig. 13. Simulation test #2 
o IMPROVE SIGNAL DETECTION WHEN LOW. LEVEL SIGNALS 
ARE ENCOUNTERED, 
o WHEN XDUCER DECOUPLING OCCURS IMPROVE POSSIBILITY 
OF SIGNAL RECEPTION IN A GRID ~y TAKING 11ULTlPLE 
SAMPLES. . 
o BY TAKING SPATIAlLY MOVING AV~RAGES IN A GR!Ii 
DECORRELATE GRAIN NOISE. 
Fig. 14. Possible benefits of averager 
o ALL RESULTS ARE BASED ON AN EFFECTIVE CCD CLOCKING OF 
33.2 MHZ. AT 25 MHZ THE •14 FINE TUNE COUNT CONTROL 
IS NECESSARY TO ALIGN FEEDBACK WITH INPUT SIGNAL FOR 
3.5 MHZ TRANSDUCER, THIS FINE TUNE CONTROL IS BEING 
CONSTRUCTED, 
o A SIGNAL INCREASE OF 6 TO 8 HAS BEEN ACHIEVED FOR A 
1 MHZ TRANSDUCER, 
o A SIGNAL INCREASE OF 4 TO 6 HAS BEEN ACHIEVED FOR A 
3, 5 MHZ TRANSDUCER, 
o FILTER COMPENSATION IS NECESSARY FOR THE 3,5 MHZ 
TRANSDUCER, 
o A NOTCH FILTER CENTERED AT CLOCK FREQUENCY HAS CAUSED 
CLOSED LOOP OSCILLATIONS AND HAS BEEN REMOVED , 
o OLD CCD HAS 8 E~UALLY SPACED SPIKES ON OUTPUT WHICH 
INCREASE WITH AVERAGING, NEIL REDESIGNED. CCD HAS NOT 
BEEN TESTED IN AVERAGER. BUT SHOULD ELIMINATE THE 
PROBLEM SINCE SPIKES 20 DB LOWER. 
o THE CCD COUNTER HAD A PROBLEM WHICH HAS BEEN CORRECTED, 
ALTHOUGH THE PULSER TRIGGER IS ASYNCHRONOUS TO THE CLOCK. 
CIRCUITRY MUST BE PROVIDED TO INSURE THE FIRST CLOCK 
PULSE TO THE COUNTER IS A FULL CLOCK PULSE OR ERRONEOUS 
COUNTS WILL OCCUR. 
o CIRCUIT OSCILLATIONS OCCUR WHEN SIGNAL INCREASES GREATER 
THAN 6 TO 8 ARE ATIEMPTED, THIS INSTABILITY IS UNDER 
INVESTIGATION, 
o DATA IS NOT CLOCKED THROUGH THE CCD UNTIL AFTER THE MAIN 
PULSE HAS OCCURRED lum, DATA HAD BEEN CLOCKED 
THROUGH INCLUDING THE MAIN PULSE BUT THIS MAY IMPACT 
STABILITY, 
o BECAUSE OF THE FAST RISE TIME OF THE MAIN PULSE. THERE IS 
SOME SPIKE LEAKAGE PAST THE DIODE PROTECTION. 
o THE PULSER TRIGGER MUST OCCUR AT THE SAME INSTANT IN TIME 
WITH RESPECT TO THE MAIN PULSE. IN ONE ULTRASONIC UNIT 
THE TRIGGER PULSE MOVED IN TIME WHEN THE PULSER AMPLITUDE 
WAS INCREASED. THIS CAUSED MISALIGNMENT IN THE AVERAGER, 
o USING A FET SWITCH. THE FEEDBACK RESISTOH ON THE SUMMING 
AMPLIFIER WAS SHORTED OUT DURtNG THE MAIN PULSE. ALTHOUGH 
ELIMINATING THE ~AIN PULSE SPIKE TO THE CCD. THE SWITCH 
INTRODUCED IT'S OWN SPIKES AT THE SWITCH-IN AND SWITCH-OFF 
TIMES, FOR THIS REASON. THE SWITCH WAS REMOVED, 
Fig. 15. Averager results as of 7/14/78 
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